Comparison of ruminal lipid metabolism in dairy cows and goats fed diets supplemented with starch, plant oil or fish oil (by Toral et al.) Alterations in rumen microbial biohydrogenation are probably at the core of diet-induced milk fat depression (MFD), but the underlying mechanisms might differ depending on diet or host animal species. In this study, direct comparison of rumen fatty acid composition and bacterial community in cows and goats demonstrates relevant differences in their response to dietary supplementation with either sunflower oil plus starch, which induces MFD in cows but not in goats, or 2% fish oil, which induces MFD in cows and to a lesser extent in goats. Results also suggest that distinct ruminal mechanisms lead to each type of MFD in cows, and may explain the negative effect of 2% fish oil on milk fat content in goats.
INTRODUCTION
used to generate Pearson correlation coefficients (r) between rumen and milk FA percentages and milk fat content, in the same animals, derived from Toral et al. (2015) . Differences were declared significant at P < 0.05 and considered a trend towards significance at P < 0.10.
Means were separated through the "pdiff" option of the "lsmeans" statement of the MIXED procedure, and least square means are reported.
Hierarchical clustering analysis with Ward´s method based on Bray-Curtis distances was performed with R-project software (www.r-project.org, version 2.13.1) to build a dendrogram with relative abundance data derived from T-RFLP (T-RF). Distance-based permutational multivariate analysis of variance (Anderson, 2001 ) of the same data was conducted, using the PERMANOVA software (version 1.6), to assess the effect of diet, species, and their interaction on the whole rumen bacterial structure.
RESULTS

Rumen Fermentation Characteristics
The two ruminant species showed significant differences in rumen fermentation characteristics (Table 1) . Thus, while the ammonia concentration was approximately twice higher in goats than in cows (P < 0.001), that of total VFA was 22% lower in caprine rumen fluid (P < 0.01). The molar proportion of acetate was slightly greater in the bovine (P < 0.001), whereas the converse was observed for the other reported VFA (P < 0.001 for propionate and minor VFA, and P < 0.10 for butyrate).
[Please, insert Table 1 near here] In both species, ammonia concentration was decreased with SOS (P < 0.001), which also lowered that of total VFA when compared with the control (P < 0.05). Slight reductions in the molar proportion of acetate were also observed in FO and SOS in comparison with the control (P < 0.001), while propionate increased, particularly in goats offered the SOS diet (interaction Sp × D; P < 0.05). Acetate:propionate ratio was reduced to the same extent in cows and goats on SOS and, less markedly, on FO diet (P < 0.001). Decreases in butyrate concentrations with SOS feeding also tended to be more pronounced in caprine rumen fluid (interaction Sp × D; P < 0.10), but no difference between species was found for the concomitant increase in minor VFA (P < 0.001). The rumen pH, measured before morning feeding, was marginally higher in SOS (mean value of 7.12 for control and FO vs. 7.28 for SOS; P < 0.01; data not shown in tables).
Fatty Acid Concentrations in the Rumen Fluid
The concentration of total FA was higher in the rumen fluid of goats (P < 0.001; Table   2 ) and increments due to SOS were significantly greater in this species than in the bovine (156 vs. 63%, respectively; P < 0.001 for the interaction Sp × D); these differences mirrored and were mainly due to those of saturated FA. In general, diet-induced variations in the major FA groups in the rumen were also more pronounced in goats than in cows (interaction Sp × D; P < 0.01), with the exception of the increase in total PUFA after FO supply (P < 0.001), which was similar in both species (interaction Sp × D; P > 0.10).
[Please, insert Table 2 FA in the rumen fluid of both cows and goats fed the control diet; they were greater in goats when expressed in g/kg DM (P < 0.001), but 18:0 was similar in % total FA (P > 0.10; Supplemental Table 1 ). These FA were differently altered by FO and SOS diets (P < 0.001; Table 2 ). The amount of 16:0 increased with FO in both species, and to a minor extent with SOS in goats when expressed in g/kg DM (interaction Sp × D; P < 0.05) although it decreased with SOS and more markedly in goats when expressed in % total FA (Supplemental Table 1 ).
Concerning the 18:0, FO lowered its concentration in the rumen, but the proportionate decrease was greater in goats compared with cows (−85 vs. −63%, respectively). On the other hand, SOS increased by 2-and 3-fold the concentration of this FA in bovine and caprine rumen fluids, respectively (interaction Sp × D; P < 0.001). The sum of odd-and branchedchain fatty acids (OBCFA) was augmented by FO in both species (more markedly in goats; P < 0.001 for the interaction Sp × D) while SOS negatively affected their content. Although this general pattern was consistent for most individual OBCFA in goats, numerical differences did not always attain statistical significance in cows (Table 2 ). In addition, inter-species dissimilarities in OBCFA were observed in animals fed the control diet, both when concentrations were expressed as g/kg DM (e.g., iso 13:0, iso 14:0, 15:0, and anteiso 15:0; Table 2 ) and as % total FA (e.g., 15:0, anteiso 15:0, 17:0, and iso 18:0; Supplemental Table   1 ). Regarding oxygenated FA, the highest concentrations of 10-O-16:0 and 10-O-18:0 in the rumen fluid were detected in FO (P < 0.001), with a tendency towards greater increases of 10-O-18:0 in goats (interaction Sp × D; P < 0.10). Although SOS also favored the accumulation of this keto acid (P < 0.001), no differences due to animal species were observed. Lipid supplemented diets similarly increased 13-O-18:0 in the rumen of cows and goats (P < 0.001).
The abundance of identified MUFA was significantly affected by the experimental diets, with the exception of trans-9 14:1. Addition of FO led to the highest (P < 0.05) content of 16:1, 20:1, 23:1, and 24:1 intermediates in the rumen, while increments in the sum of trans 18:1 isomers were comparable for both FO and SOS, and 22:1 was detected only in FO (Tables 2 and 3) . For all these MUFA, the response of goats was more pronounced than that of cows (interaction Sp × D; P < 0.05). As shown in Table 3 , trans-11 18:1 was the most abundant MUFA on the control diet and its concentration augmented by 5.4 and 7.8 times, respectively, in cows and goats fed FO (P < 0.001). On the other hand, with SOS feeding, trans-10 18:1 expressed as % of total FA or as g/kg DM became the major trans FA in cows (P < 0.001) and reached similar concentrations to trans-11 18:1 in goats (Table 3 and   Supplemental Table 1) , whereas a high inter-individual variation precluded significant increases caused by FO, except for a significant increase in cows when expressed as % total FA. The amount of other trans 18:1 isomers was often greater in the SOS treatment, particularly in goats (P < 0.05), although trans-9 and trans-12 18:1 were similarly affected by FO and SOS treatments. Fish oil enhanced (P < 0.05) the abundance of cis-9 18:1 and cis-11
18:1, with increases in the latter being highest in the caprine (P < 0.001 for the interaction Sp × D).
[Please, insert Table 3 near here]
The concentration of 18:2 isomers varied substantially across diets and species (Table   3 ). The content of 18:2n-6 was lowered in cows on SOS and in goats on FO treatment (P < 0.05) but, on the contrary, FO favored the rumen accumulation of other non-conjugated 18:2, such as cis-9,trans-12 18:2, trans-9,cis-12 18:2, trans-11,cis-15 18:2, trans-9,trans-12 18:2, and trans-11,trans-15 18:2 in both species (P < 0.05). The rumen fluid of cows on SOS treatment tended to have the highest amount of trans-10,cis-12 CLA (P < 0.10 for the interaction Sp × D), an isomer that was increased to a minor extent in response to FO. Furthermore, the concentration (expressed as g/kg DM) of trans-9,cis-11 CLA augmented in FO compared with the other diets (P < 0.001), while cis-9,trans-11 CLA was not significantly affected by the experimental diets (P > 0.10; Table 3 ). However, cis-9,trans-11 CLA expressed as % total FA (Supplemental Table 1 ) was increased in cows fed FO and decreased in goats fed SOS. The accumulation of trans,trans CLA with supplemented diets was significantly greater in goats (interaction Sp × D; P < 0.01). Trans-10,cis-12 CLA (% total FA) was increased in cows by both lipid supplements, but not in goats (Supplemental Table   1 ). With the control diet, there were no inter-species differences in 18:2n-6 and CLA isomers when expressed as % total FA, including cis-9,trans-11 CLA, while 18:3n-3 percentage was lower in goats than in cows (Supplemental Table 1 ). For both species, the lowest amount of 18:3n-3 was detected in SOS, but decreases of smaller extent were also found when feeding FO (P < 0.001; Table 3 ). Finally, FO increased the concentration of all 20-and 22-carbon PUFA identified in the rumen fluid (Table 3) , but most of their concentrations were close or below detection limits in the Control and SOS animals (e.g., . These FA were often more abundant in goats (P < 0.10), although differences generally disappeared when values were expressed as % total FA (Supplemental Table 1 ).
Bacterial Community Analysis by T-RFLP
Regardless of the experimental diet and the species, rumen bacterial T-RFLP analysis generated on average 102.7 ± 3.03, 54.9 ± 4.36 and 100.6 ± 3.68 fragments with the enzymes HhaI, MspI and HaeIII, respectively. Results of the hierarchical clustering and PERMANOVA analyses indicated an effect of animal species on the bacterial structure (P < 0.01), with most ruminal fluid samples of the same species being allocated in the same cluster ( Figure 1 ).Within each species, certain segregation by diet was clearer detected in goats (P < 0.10), especially due to the SOS treatment (Figure 1 ).
[Please, insert Figure 1 near here] The diversity indices (Table 4) did not differ between ruminant species, with the exception that the Shannon evenness estimated with HaeIII was greater in cows (P < 0.05).
Concerning the effect of diet, both FO and SOS seemed to reduce bacterial diversity, given that indices were numerically lower in many cases, although this was only significant for the Shannon-Wiener index with HhaI and the Shannon evenness with HaeIII. Moreover, an interaction was detected for the latter index with MspI (P < 0.05), with lower values in goats fed SOS and in cows fed FO.
[Please, insert Table 4 near here] Differences between ruminant species were also observed in the relative frequency of many T-RF but only a few that might be potentially related to the changes detected in the rumen fatty acid profile are shown in Table 5 . Once again, the effect of diet varied with the animal species, which was reflected in significant interactions. Thus, for instance, SOS diet induced an increased relative frequency of fragments compatible with species of [Please, insert Table 5 near here]
DISCUSSION
Nutritional strategies for modulating milk FA profile may cause alterations in microbial FA metabolism that, in certain cases, promote the formation of rumen BH intermediates with antilipogenic effects that can impair milk fat synthesis (Bauman and Griinari, 2001; Shingfield et al., 2010a) . In most cases, candidate inhibitors have been initially identified from variations in their milk concentrations and corresponding changes in milk fat content.
However, up to date, only a few of these BH metabolites have been associated with dietinduced MFD (such as trans-10 18:1, trans-10,cis-12 CLA, or trans-9,cis-11 CLA; Shingfield and Griinari, 2007; Bauman et al., 2011) and, therefore, discussion of results will be focused on these intermediates and a selected number of other FA that may also be related to reductions in milk fat. 18:1/trans-11 18:1 ratios in goats than in cows; Toral et al., 2015) would point to a relevant role of ruminal BH pathways, which appear to be more stable and less prone to diet-induced shifts towards the formation of potential inhibitors of milk fat synthesis, such as trans-10 containing intermediates, in goats compared with cows (Chilliard et al, 2014 ).
In addition, examining together the associated changes in rumen FA concentrations and bacterial community could contribute to improve our knowledge of the microbiology of lipid metabolism and infer potential microorganisms involved in ruminal BH. However, divergences detected in the response of the bacterial populations of cows and goats to dietary treatments, which may be linked to functional differences in their gastrointestinal system (Ley et al., 2008) , substantially hinders the assignation of bacterial groups to different lipid metabolic pathways.
Ruminal Fermentation
One of the earliest theories to explain diet-induced MFD in cows, based on the reduction in the ruminal production of acetate and butyrate and the increase in that of propionate, attributed this syndrome to an inadequate supply of lipid precursors for mammary lipogenesis. However, subsequent studies offered little support for this hypothesis (Bauman and Griinari, 2001 ). In line with this, the observed decrease in the molar ratio of acetate:propionate in cows and goats fed SOS was not accompanied by MFD in the caprine, while both species showed moderate reductions in this ratio and a decrease in milk fat content with FO (Toral et al., 2015) . Similar shifts in the acetate:propionate ratio have been reported when feeding fish oil (Doreau and Chilliard, 1997; Shingfield et al., 2010b) or medium to high levels of sunflower oil (>4%; Shingfield et al., 2008; Zened et al., 2013a) . In addition, the low NDF and high-starch content of the SOS diet might have contributed to decrease the acetate:propionate ratio through potentially negative effects on the abundance of cellulolytic bacteria (Beauchemin et al., 2008) . Indeed, iso FA, which have been suggested as biomarkers of these microorganisms (Fievez et al., 2012) , were reduced with the SOS diet. With regard to changes in specific bacterial groups, increased molar proportion of propionate with SOS might be related to variation in Succinivibrionaceae species in cows, some of which form succinate, a precursor of propionate (Russell and Hespell, 1981) , and of Prevotella strains that promote propionate production (Bekele et al., 2010) in goats.
In both species, feeding SOS decreased the molar proportion of butyrate and the total concentration of VFA in the rumen fluid. Even though other assays in cattle fed plant oils or high concentrate diets have shown decreases, no effects and even increases in total VFA and butyrate (e.g., Bateman and Jenkins, 1998; Shingfield et al., 2008; Fuentes et al., 2009 ), the present results may reflect the combined effects of the high levels of starch and sunflower oil, given the importance of the basal diet on rumen fermentation parameters (Zened et al., 2013a; Ramos-Morales et al., 2014) . Lower total VFA concentration for both species with SOS might indicate decreases in either fermentation activity or microbial biomass (Fievez et al., 2012) , which for the latter would be supported by reduced OBCFA concentration in the rumen fluid and milk fat (Toral et al., 2015) with the SOS diet. In any case, total VFA concentrations could also be explained by a potential interaction between diet and sampling time, reflecting a greater decrease in the fermentation substrate in the high-starch diet after the overnight period without concentrate distribution (Ramos-Morales et al., 2014) .
Ammonia concentration was also lowered with SOS, which is consistent with other findings for high-starch diets or sunflower oil supplements (Shingfield et al., 2008; Fuentes et al., 2009 ). Ammonia concentration was about 2-fold greater in goats compared to cows, which could be related to differences in bacterial biomass or activity among species, which would need to be further explored. Although ruminal concentrations seem quite limited in cows, particularly with SOS, the calculated protein balance in the same animals was always positive and no differences in milk protein concentration and yield were observed (Toral et al., 2015) . Low concentrations might then be explained, at least to some extent, by the sampling time (after an overnight fast; Ramos-Morales et al., 2014), which could also explain the high ruminal pH. In this regard, pH values have been shown to be usually greater when rumen fluid is collected by stomach tube but this does not preclude from detecting potential diet-induced effects (Ramos-Morales et al., 2014) . In any event, the marginal differences in preprandial pH with the SOS diet would probably have no biological relevance, because pH is known to vary largely after meal intake.
Ruminal Fatty Acid Metabolism
Comparison of rumen FA concentrations (expressed as g/kg DM) in cows and goats fed the control diet provides evidence of inter-species differences in rumen BH that could be linked to differences in microbial composition. Thus, the much higher SFA concentration in the rumen fluid of goats than cows (in particular, 16:0 and 18:0), together with the lack of differences in total PUFA, would suggest more extensive BH in this species. However, when expressed as % of total FA (Supplemental Table 1 ), the proportion of 18:0, total SFA, MUFA and PUFA, were similar in bovine and caprine. In other respects, the higher milk cis-9,trans-11 CLA/trans-11 18:1 ratio observed in goats when compared with cows fed the control diet (Toral et al., 2015) might be speculated to derive from potential inter-species differences in intestinal FA digestibility or tissue lipid metabolism, rather than in ruminal BH (Chilliard et al., 2007; Shingfield et al., 2010) . Concerning the rumen microbiota, differences in the percentage of some specific OBCFA (e.g., 15:0, anteiso 15:0, 17:0, and iso 18:0) and similitudes in some others (e.g., iso 15:0, iso 16:0, iso 17:0, and anteiso 17:0), which derive mainly from de novo bacterial synthesis (Fievez et al., 2012) , would support dissimilarities in the composition of the rumen microorganisms between cows and goats fed the control diet, as confirmed by T-RFLP. Furthermore, differences in the responses to lipid feeding of the ruminal microbiota of goats and cows hamper the identification of shared relevant bacteria associated with variations in the accumulation of specific BH intermediates. In other respects, species differences in OBCFA profile could also be due to differences in postruminal synthesis from the duodenum to the milk (Vlaeminck et al., 2015) . Furthermore, the higher concentration of total FA observed in the rumen of goats compared to that of cows when both are fed the control diet might be related to inter-species differences in eating behavior, ruminal passage rates and digestion kinetics (Duncan and Poppi, 2008) , which might also account for differences in rumen FA concentrations. However, to our knowledge, there is no published data on direct comparisons in goats and cows of either the total FA concentration or the rumen FA profile, which underlines the novelty of these data and the need for additional and targeted research to explain the observed differences. (Offer et al., 1999; Shingfield et al., 2003) in response to fish oil. In the present study, however, diet-induced variations in rumen 18:0 contents were always more pronounced in goats, in agreement with milk FA composition in the same animals (r = 0.875 and 0.747 in goats [n = 41] and cows [n = 36], respectively, P < 0.001; Toral et al., 2015) . In addition, greater increases in rumen 18:0 when fed SOS were observed in goats compared to cows (+209% vs. +97%, respectively), which suggests a more complete BH in goats of 18-carbon unsaturated FA from sunflower oil. On the other hand, a greater decrease in rumen 18:0 in goats than in cows when fed FO suggests a stronger inhibition of 18:0 formation due to FO (AbuGhazaleh et al., 2002; Loor et al., 2004; Shingfield et al., 2010b) in goats. This latter finding contrasts with indirect comparisons based on earlier works (Offer et al., 1999; Shingfield et al., 2003; Toral et al., 2014) , although these might be biased by the scarcity of published studies in goats fed marine lipids and by differences in the percentage and composition of fish oils and composition of basal diets (e.g., use of hay-based diets in caprine vs. silage in bovine). In line with this different response between ruminant species, the T-RF that changed similarly to rumen 18:0 concentration (namely that increased with SOS and decreased with FO) were not the same in bovine and caprine. Bacterial populations compatible with these T-RF, which were potentially linked to 18:1 saturation, would belong to Ruminococcaceae in cows and Pseudobutryrivibrio in goats. Microorganisms of both groups have been previously associated with 18:0 accumulation in the rumen of steers (Huws et al., 2011) and sheep (Castro-Carrera et al., 2014) , whereas so far no data are available in goats.
Diet-induced variations in total trans 18:1 concentration were also more pronounced in goat rumen fluid, while milk FA responses had been observed to be greater in cows (Toral et al., 2015) , which might be speculated to be due to inter-species differences in BH kinetics (without ruling out potential sampling time constraints), intestinal digestibility and/or in the mammary or body tissue uptake and utilization of these trans FA. On the other hand, effects of dietary treatments on the trans 18:1 isomer profile were relatively consistent in the rumen and milk of cows (e.g., r = 0.923 and 0.921 for concentrations of trans-10 18:1 and trans-11 18:1, respectively, P < 0.001, n = 36) and goats (r = 0.858 and 0.917 for the same correlations, P < 0.001, n = 41; Toral et al., 2015) , even though samples might not be fully representative of rumen digestion over 24 hours. Thus, results from both types of samples (i.e., milk and rumen) indicated that SOS diet altered ruminal BH and resulted in trans-10 18:1 replacing trans-11 18:1 as the major intermediate in cows, in agreement with earlier studies examining the effect of high-starch diets and plant oils on cow milk or rumen digesta (e.g., Loor et al., 2005; Zened et al., 2013a) . The fact that this shift was larger in the cow than in the goat suggests that BH pathways in caprine are more stable and robust in response to high-starch diets and plant oils (Chilliard et al., 2007; Shingfield et al., 2010a) , which may contribute to explain inter-species differences in the propensity to MFD on this type of diets (Roy et al., 2006; Bernard et al., 2009; Toral et al., 2015) . Consistent with changes in rumen trans-10 18:1 concentrations, SOS increased the relative abundance of some T-RF compatible with species of Lachnospiraceae in cows and of Prevotella in goats, suggesting a potential relationship of these fragments with the trans-10 shift. In cows, species of both bacterial groups have been associated with lipid metabolism (Boeckaert et al., 2008; Huws et al., 2011) and strains of Prevotella were more abundant with a high-starch diet supplemented with sunflower oil (Zened et al., 2013b) . Nonetheless, the available information on the relationship between these groups and dietary lipid BH in goats is very limited (Zhu et al., 2012) .
Regarding specific BH intermediates that may be responsible for SOS-induced MFD, cows fed this diet showed the greatest ruminal content of trans-10,cis-12 CLA, which is remarkable because, as previously stated, the total FA concentration in the rumen fluid of cows was 60% lower than in goats. The trans-10,cis-12 CLA is the only BH metabolite shown unequivocally to inhibit milk fat synthesis (Shingfield and Griinari, 2007; Bauman et al., 2011) and the mammary gland of bovine is much more sensitive to its antilipogenic effect than that of caprine (Chilliard et al., 2014) . In any case, as discussed in the companion paper (Toral et al., 2015) , changes in the concentration of this CLA isomer in milk did not, in isolation, explain the extent of MFD in cows fed SOS and other rumen BH intermediates (such as cis-10,trans-12 CLA, trans-10 18:1, or other unidentified FA) would also be implicated. Furthermore, without a specific HPLC analysis, results on trans-10,cis-12 CLA should be taken with caution because our gas-chromatographic conditions might cause the coelution of minor CLA isomers and other low abundant intermediates. This fact may also be behind the observed increase in this FA in the rumen fluid of cows fed FO, which is not a common observation in digesta samples (e.g., Shingfield et al., 2003 Shingfield et al., , 2010b Loor et al., 2004) . Something similar occurred with trans-9,cis-11 CLA concentrations, another BH intermediate that has been reported as a potential milk fat inhibitor in cows (Perfield et al., 2007 ). Yet, its diet-induced proportion in milk is often lower than the level of enrichment used to demonstrate anti-lipogenic effects (Roy et al., 2006; Perfield et al., 2007; Bichi et al., 2013) .
Induction of MFD with diets containing marine oils has often been related to the joint action of decreases in 18:0 availability and increases in trans 18:1 contributing to limit the synthesis of milk fat with an adequate fluidity to be secreted by mammary epithelial cells (Shingfield and Griinari, 2007) . However, notwithstanding the greater extent of changes in these FA in the rumen of goats, these animals experienced a lower MFD than cows (21 vs. For example, recent studies have indicated that cis-11 18:1, a FA commonly found in ruminant feedstuffs, was able to alter lipogenesis in bovine adipocyte cultures (Burns et al., 2012) and was associated with a decrease in milk fat content in goats fed FO (Bernard et al., 2015) . In this regard, the FO diet increased the accumulation of this 18:1 isomer in the rumen, particularly in goats (5-fold) but also in cows (3-fold), whereas the greatest concentration in milk fat was observed in the latter (Toral et al., 2015) , which would oblige to further investigate its potential role in mammary lipogenesis. (Shingfield et al., 2010b; Toral et al., 2010 Toral et al., , 2012 . In the present study, the detection of these oxylipids could have been favored by the sampling time (i.e., after an overnight period without concentrate distribution), because they seem to be end-products of ruminal FA metabolism (Jenkins et al., 2006) . Concerning rumen microbiota, specific T-RF that might be associated with hydration would correspond to Veillonellaceae in goats and to Clostridia in both species. Studies with sheep (Belenguer et al., 2010; Toral et al., 2012 ) suggested a putative participation of species of Veillonellaceae, such as Quinella ovalis, in this process.
With respect to Clostridia, this is a broad and diverse group that includes microorganisms potentially related to lipid metabolism (Boeckaert et al., 2008; Huws et al., 2014) , such as those compatible with the 389 bp T-RF detected with HhaI, which has been previously shown to increase with marine lipids in ewes (Belenguer et al., 2010; Toral et al., 2012 ).
As discussed above for 18:0 and trans-18:1, the tendency towards greater effects of FO on 10-O-18:0 concentration in goats than in cows would further support a more potent impact of this supplement in the rumen of goats, while increases in keto acids in milk were more evident in cows (Toral et al., 2015) . Overall, the reasons for the inconsistent results between diet-induced changes in rumen and milk FA are not readily apparent, but might be related, despite the possible interaction with the rumen sampling time, to inter-species differences in FA digestion and transport, and body tissues or mammary lipid metabolism (Chilliard et al., 2007; Shingfield et al., 2010a) .
CONCLUSIONS
Direct comparison of ruminal responses to diets inducing MFD demonstrates relevant
species by diet interactions on the rumen FA composition and bacterial community. However, changes in some ruminal fermentation characteristics due to FO or SOS (e.g., decreases in acetate:propionate ratio) were similar in cows and goats. The main alterations in ruminal BH pathways potentially responsible for MFD on the SOS treatment (i.e., the trans-10 shift and related increases in trans-10,cis-12 CLA concentration) tend to be more pronounced in cows than in goats, whereas changes linked to FO-induced MFD (e.g., decreases in 18:0 and increases in total trans-18:1 accumulation) are more evident in caprine rumen fluid. Results support the initial hypothesis that distinct ruminal mechanisms lead to each type of dietinduced MFD, and may also explain the unexpected susceptibility of dairy goats (although less marked than in cows) to the negative effect of FO on milk fat content. Within a row, different superscripts indicate significant differences (P < 0.05) due to the effect of Sp × D. 
